serious effects seem to be reversible, and may be of a transient nature.
Ammar discussed preliminary studies on embryotoxicity. Certainly at high doses maternal deaths occurred after treatment by the intraperitoneal route, but the administration of high doses of disinfectant in the drinking water also produced some effects on the embryo and the fetus. Bercz has shown in the monkey a previously unreported effect of chlorine dioxide or its metabolites on thyroid function at a dose of approximately nine milligrams per kilogram, which may prove to be the most significant toxicity. This effect deserves further attention.
Calabrese's discussion concerned two mouse strains, one having sufficient, the other deficient glucose-6-phosphate dehydrogenase activity. There were no major differences in the sensitivity of the two strains. The application of the results to human glucose-6-phosphate dehydrogenase-deficient individuals is not clear, because the deficient mice still possessed a much higher activity than that observed in humans deficient in this enzyme. I think that Calabrese's attempt to use the goat for another species has drastic limitations, inasmuch as the goat's carbohydrate metabolism in the red blood cells is entirely different from that of other mammals. Again this needs careful consideration in terms of removing such confounding factors before applying the results to man.
Although it is difficult to arrive at a safe level for humans with any great degree of certainty, I think based upon the studies reported here that somewhere below one part per million chlorine dioxide might be acceptable and about five parts is perhaps a ceiling for total Cl compound disinfectant in drinking water.
M. ROGUL AND C. SONICH (Epidemiology): The first studies of chlorination and cancer in humans examined the relationship between general measures of water quality and cancer mortality rates. The purposes of these studies were not to establish causality or to derive risk estimates that could be used as the basis for drinking water regulations, but were exploratory measures in epidemiology that were used to identify suspect cancer endpoints and associate water types that should be investigated with more definitive epidemiological methods.
The epidemiology studies that we have heard during the conference use the information of these earlier studies as the basis for their designs. That is, these studies were designed to both test the hypotheses that were generated during the earlier studies and to further explore the new ideas of cancer risks associated with drinking water contaminants. Contrary to the original exploratory studies, this generation of studies is based on newly collected information concerning cancer disease rates and water quality.
As would be expected in the progression of scientific research, the methodology of these studies was markedly improved over the original studies and was certainly more sophisticated. Two of the five studies that we have heard during this conference have used cancer incidence, and all of the studies have collected and examined much more information concerning extraneous factors such as the potential confounders: occupation, resident stability, smoking-things that might bias the results. Much more extensive information has also been collected concerning drinking water exposures. Thus, the results of these studies significantly add to our knowledge concerning the potential cancer risks of chlorination. However, since these studies still must be considered as first generation studies, they do leave a number of unanswered questions, as might be predicted.
Rather than being discouraged with discrepancies in these studies, we should be encouraged by the similarities; we should note them and exploit them to the fullest extent. The overall trend is that the risk of gastrointestinal cancers such as colon or rectal cancers is increased by exposure to chlorinated water. These similar findings should be further examined in light of the different methodologies, exposures and diagnostic criteria, in an effort to explain the differences. Hence, we should address and recognize the challenges that are involved with the exploration of low level cancer risks in the general population.
The purpose of our roundtable discussion was to determine the role of epidemiology in future assessment of the health risks associated with drinking water chlorination. We discussed and critiqued past studies in an effort to focus on specific questions indicating future research needs. If any conclusion was reached by the group, it was that based upon the epidemiology studies completed thus far, there is an association between chlorination of water and cancer.
The discussion was enthusiastic and positive in regard to past, present, and future research; pointing out deficiencies yet noting that in only seven years of studying this problem we have come quite SESSION SUMMARIES AND DISCUSSION far and are moving in the right direction. (For example, the water hardness/coronary heart disease issue has yet to come this far.) The problem is complex and must be approached in steps, with attack on one objective at a time. While it is difficult to summarize such a spirited discussion, I will present a few of the main points which illustrate the consensus.
It is recognized that a causal relationship between chlorination of drinking water and cancer has not been established. But causality should not be expected at this point. The purpose of the phase I (first generation) studies was to add supporting evidence for the existing hypotheses. These studies were not intended to answer all questions but were designed as screening studies to determine which cancer site(s) is important.
The unifying thread between these studies is that drinking chlorinated water puts some stress on the human body that results in chronic disease. The studies most strongly indicate rectal cancer, but colon and bladder cancers have also been indicated. Discussion focused on examining these studies to define the refinements necessary in designing future studies to answer additional questions (both within and outside of the field of epidemiology). The refinement predominantly discussed deals with exposure assessment. Categorization of chlorinated vs. unchlorinated or surface vs. ground does not provide sufficient information. More detailed and specific monitoring data are needed to include a variety of measurements necessary to more completely characterize water supplies. Mixtures of exposures will vary with source regardless of whether the source is chlorinated or unchlorinated, surface or ground. In this situation, it is necessary to better understand the chemistry of chlorination and its reactive by-products.
In addition, we also need to better understand the biology of chlorination, i.e., the direct effects of oxidant chemicals on the host. The biological modifications and adaptations associated with water chlorination need to be defined. Perhaps study populations should be stratified biologically, although the feasibility of doing so might be questioned. Finally, a better understanding of cancer, especially colon cancer, would contribute to efficient study design. Is there truly a difference in ascending, descending, and transverse colon cancers as related to drinking water chlorination?
Such questions outside of the field of epidemiology must be considered, but questions also arise within the field as well. Misclassification is often a problem in epidemiology studies. This is especially true when examining death certificates as done in the first generation studies. However, death certi-ficates have been found to be 85% accurate when noting cancer as the leading cause of death. Nevertheless, the second generation studies are looking for associations with cancer incidence by using tumor registries. Since the cases will be living, more accurate cancer and exposure data can be obtained.
It has also been pointed out that the epidemiology studies arrive at low relative risks such that their importance is questioned along with any conclusions derived from them. However, although the strength of the association is weak and the risk to an individual is low, one must look at the number of people potentially affected by the disease. Thus, a small increase in risk can have a profound effect in terms of the number of lives at risk when the background rate is high, as is the case for colon cancer. The attributable risk is an important measure to consider in public health decisions.
In short, our discussion enabled us to identify important issues to consider in designing the next generation of studies, the analytical study. The first generation studies served an important function in generating questions for the epidemiologist as well as the chemist, biologist, toxicologist or any scientist interested in this issue. Perhaps one member of our group summed it up best by saying that he could salute the flag of chlorination (as a cancer risk factor) as long as he did not have to pledge allegiance for the rest of his life. We are moving in a general direction based upon results of the first generation studies and the questions generated from them. The results of the second generation studies along with biological, toxicological and chemical data will determine our next move, but for now, the emphasis should be placed on obtaining more and better monitoring data.
F. KOPFLER (Chemistry): The session began with a study presented by Carlson in which he was working with a known class of compounds. After treatment with chlorine he was able to identify many of the products and, account for almost 100% of the products formed. In this model system of reacting PAHs with chlorine at different pHs, it was found that at the lower pHs chlorination and oxidation reactions occurred and at a higher pH, on the other side of the pK values, oxidation predominated. He identified most of the products and found really only one compound that showed some interesting biological activity-more activity than the parent compound. That was the 1-methyl-4-chloronaphthalene. In addition in to the pH the chloride ion concentration is also very important, as it should be since chloride ion takes part in the equilibrium resulting when chlorine dissociates in water. In our session we addressed the potential adverse health effects of the trihalomethanes. We conducted two series of studies: those with mice and those with the rats.
The long-term studies in female mice (B6C3F1) that Jones described are lifetime studies that attempt to evaluate the carcinogenic potential. This study is in progress; it's not complete. It is a well-designed, and well-executed study. We are eagerly awaiting the results. In our program in Richmond, we are evaluating the general toxicity of these materials.
We have determined acute oral LD50 values and 14-and 90-day subehronic exposures. The materials were administered by gavage rather than in drinking water to permit exposure to high levels (their solubility is limited).
Our subchronic studies reconfirmed the liver as the target organ for the trihalomethanes. An effect on the spleen was also noted. Subchronically, chloroform appears to be the most toxic of the four halomethanes that were evaluated, bromoform the least. A degree of hyporesponsiveness or "tolerance development" was observed in several immunological endpoints, the humoral immunity and cell mediated immunity, and the functional activity of the RES. The spleen weight was decreased and there was a decrease in colony-forming cells. These effects were seen only at 14 days and not at 90 days, suggesting hyporesponsiveness or tolerance development.
The trihalomethanes administered orally did not affect DNA synthesis. Effects were seen only when the material was administered intratesticularly to the mice. This reflects the effectiveness of the blood-testicular barrier. Multigeneration reproduction studies were conducted using high doses. There were no adverse effects on any of the usual reproductive parameters through three generations.
There were few significant behavioral effects using a number of systems (including some developed in our laboratories). Nothing suggests a progressive neuropathy or neurotoxicity. Using the taste aversion paradigm, the effect of chloroform was noted at about 30 mg. A progressive hyporesponsiveness or tolerance development to the trihalomethanes was also observed.
It was reported that chloroform stimulated both ornithine decarboxylase activity and the RNA polymerase 1 activity in the mouse. These are involved in the early stages of the carcinogenic response. Jones' study with Osborne-Mendel rats,is not complete. Levels up to 1800 ppm in drinking SESSION SUMMARIES AND DISCUSSION water were used. This study should resolve the issue of carcinogenicity in rodents. The data are not available yet. There were early deaths in the mouse because they were not accepting the drinking water. There were very few deaths in the rats. Excellent survival among rats at the high levels of chloroform were noted.
Data presented suggests that chloroform is not an initiator but is probably a promoter. It was reported that hepatic ornithine decarboxylase activity in the rat was stimulated by chloroform. This stimulation of ODC decreased with time. ODC activity in the kidney was depressed. Apparent tolerance to chloroform was noted.
Based on detailed toxicological investigations involving doses that were orders of magnitude greater than maximum anticipated human daily consumption, and which were administered acutely or subchronically, it can be concluded that the trihalomethanes are not highly toxic. There were several other things that I do not remember being specifically articulated but can be derived from the presentations. In my own presentation, I failed to call attention to one parallel between the toxicological and epidemiological results. Isacson reported that there was a possible relationship between agricultural runoff and the incidence of cancer in the epidemiological studies. Ottumwa, Iowa was a city selected for study in our work for that reason in our five-city study. It was the only city to give rise to significant increases in tumor incidence.
So far I have been speaking about problems associated with chlorination. Here we are really just beginning to understand the identity of byproducts and tend to focus our attention on individual products. However, we must also begin to recognize the more general problem; that the use of strong oxidants for purposes of disinfection alters the chemical nature of the materials that are natural background in any surface water. There is some concern with synthetic organic chemicals, but it seems that in surface waters much of our problem with chemicals in drinking water now involve and will continue to involve disinfection reaction products with natural background material. This is the source of the trihalomethanes, and it seems to be the source of a sizable portion of the so-called TOX (total organic halogen) in drinking waters.
One of the problems that must be addressed when taking a bioassay approach to the field is that these methodologies are not chemically specific. It's possible that these techniques of Tuthill and Miday could also or should very appropriately be used on a community that's been using chloramines, because most of the studies that were discussed earlier were pointing a finger at what happens when you use chlorination. So we do have some possibility of using the epidemiological approach on chloramines as was done with the chlorine dioxide.
The final paper was presented by Reitz, a representative from Dow. I don't know whether it was apparent to those of you from the water utilities, but the two approaches being used would really make quite a difference, I think, to you. The trihalomethane limits using the epigenetic approach would be something like 100 ,ug/l.; if you used a genetic approach, it would probably be 2 ,ug/l. We have a factor of 50 apparently in between those two approaches to what might be considered as trihalomethane regulation. J. A. COTRUVO: I think those summaries were excellent in focusing the essence of the last few days of discussion. The title of this session is in part at least, discussion of regulatory issues and I'd like to just mention a few words in that direction before we open the discussion to the floor.
The decisions that a regulator makes perhaps are made with a somewhat different perspective and with somewhat different motives than some of the motives that influence the work that you have heard. A regulator, of course, includes all of those factors in the decision process, the toxicology and the epidemiology that exists, and any other indications of risk that can be computed. At the same time the decision context is not necessarily the obvious one. It's something that is determined by what the Congress has written into the law that tells one how to treat the information that's available and tells one what kinds of factors have to be taken into consideration. In addition to all the SESSION SUMMARIES AND DISCUSSION toxicology and the risk part of the equation, one also considers the burden of proof, the quality of evidence that exists, and the cost and the practicalities of whatever the control options might be.
As you know, some decisions have already been made. In 1979 there was a regulation established for trihalomethanes as indicative of contamination of drinking water resulting from chlorination. The question that we ask ourselves-and that I would hope to get some more guidance from this meeting -is, was that a sufficient regulation by establishing a maximum contaminant level for that limited group of substances? Did that in fact change the national risk picture substantially? We are assuming that in the United States now as more and more communities take steps to reduce trihalomethanes, drinking water risk factors should have been reduced to some degree and hopefully they'll be reduced further in the future. The question is, do the data indicate that it's necessary to take more drastic action or more costly action in the future?
There were also some peripheral decisions made in the course of that regulation and in an advisory sense relating to the alternate disinfections such as chlorine dioxide. The like to focus on a couple of things that seem to me to need balancing in looking at the problems that we face. Most of the meeting was focused on the issues oftrihalomethanes because we found trihalomethanes were easy to measure and we therefore hung our hat very much on trihalomethane levels. This has given us a number of biases. One question that needs to be asked particularly is, are the chlorination by-products from natural aquatic humic materials, which are major by-products from woody tissue the problem, or are the chlorination byproducts from biological by-products the problem?
I think Bull's comment that the city which showed the best correlation was the agriculture runoff city is particularly germaine in this question, and I think that the question needs to be asked because we have focused so much of our effort on the woody tissue chlorination by-product because of the nice, easily measured chloroform. In particular, there was one paper which began to address this question of biological by-products: Scully's paper, which dealt with the natural organics issue. It seems to me that the organic nitrogen compounds 235 or other biological by-products as they are chlorinated are of major concern and I see very little of that type of work being done. Although the one study I am familiar with, the 5-chlorouracil I mentioned before, gave in a small rat study a negative teratogenic response, the fact is that 5-chlorouracil was taken up to the extent of 3 per genome in DNA, and that in itself I think is a rational basis for concern. So I personally would like to see more of this kind of effort.
The other kind of effort I think that needs to be mounted is the need to couple the toxicological, epidemiological and chemical studies together. will be very hard, I think, to deal with that variability. These disinfection by-products result from the reaction of the disinfectant with these natural materials which are always there and probably fairly similar in all waters. It is hoped that we're going to be dealing with the majority of the organic material in water when we deal with these reaction products of the humic substances with the disinfectant or amines from biological origins. This is a situation that is peculiar to drinking water and is probably specific to drinking water as opposed to other problems we see with environmental chemicals. This is something which is pretty much a universal problem in drinking water, and I think it's important to address that one for that reason if for no other.
UNKNOWN: Given the data on the changes in the intestinal flora in response to the possible risk factors from large bowel cancer, e.g., decreases of bacterial diversity in individuals of high fat diet, has any work been done or planned to examine the effects of disinfectants or their by-products on intestinal flora? And I was very glad to hear that Rogul introduced himself as a microbiologist.
M. ROGUL (U.S. EPA, Washington, D.C.): I think it is a very complex question. I did have some pertinent experience, because at one time I worked as a veterinary microbiologist and the use of the mouse posed problem which is germane to this question. It was found in the early studies on radiation that many mice which were being raised commercially harbored Pseudomonas aeruginosa. When these mice were irradiated, their immunological barriers became attenuated. The pseudomonads proliferated, and thereby caused disease and deaths which ruined many experimental projects. It was later found that the addition of chlorine in the form of sodium hypochlorite or hydrochloric acid in mouse colony drinking water could effectively eradicate P. aeruginosa from these mice. To my knowledge this is the way that all commercially produced mice are reared. I think most researchers are probably dealing with mice that have been drinking highly chlorinated water for numerous generations, and it has a profound effect on the intestinal flora of the mice. We found that this type of chlorine treatment also seemed to eradicate pseudomonads from the nasal turbinates and middle ears of mice. In response to the last part of your question, I don't know of any research ongoing or planned at the EPA which would answer your question.
In addition, since most mice are raised on chlorinated water, and I understand that chlorine can be metabolized in vivo into trihalomethanes, I think it would be prudent to interpret experimental toxicology data with this in mind.
C C. SONICH (U.S. EPA, Cincinnati): When you say prolonged effects of carbon tetrachloride that's difficult to address, because carbon tetrachloride has not been routinely monitored in drinking water; so it's hard to assess effects due to prolonged exposures. We recently had the opportunity to study the effects of a carbon tetrachloride spill into the Ohio river. It was an assessment of an acute exposure to a relatively high dose. Seventy tons of carbon tetrachloride were spilled upstream from Cincinnati. We did a study looking at patients that were in the hospitals along the river during a time when we knew there were high concentrations of carbon tetrachloride in the drinking water compared to a time when we knew there was virtually no carbon tetrachloride in the drinking water. Kidney and liver function tests routinely performed on patients upon their admission into the hospital were evaluated. A dose/response relationship for creatinine, a kidney enzyme, was indicated. Controlling for disease, the number of patients with elevated creatinine levels was higher when the dose of carbon tetrachloride was higher in the drinking water. As the dose decreased downstream, so did the number of people with increased creatinine levels. This could signal an effect due to the ingestion of carbon tetrachloride or may be due to random chance. Dr. Bercz, would you like to comment on the toxicology study we designed to verify this finding?
J. P. BERCZ(HERL, U.S. EPA, Cincinnati): The study tried to reproduce the actual dosages experienced during the spill. By the administration of such water to rats we tried to explain the apparent human effects. We have attempted to identify renal lesions as well as hepatic lesions in a two-week exposure which approximately equates the time of exposure in the human population. We could not detect any adverse effects on the animals. There was rather extensive workup of all the serum chemistry and hemotology parameters, and there was none that we could identify as adverse.
UNKNOWN: Carbon tetrachloride is carcinogenic in the B6C3F1 mouse being used as a positive control in a number of the NCI bioassays of the chlorinated hydrocarbons. And when you say a high concentration in the Ohio River, it was not high compared to what a toxicologist administers to an animal to get an effect. The levels observed did not exceed a few hundred parts per billion at any water intake on the river, maybe 340 ppb or so in Huntington. Where there were larger populations at work, it was no more than 50 ppb to 100 ppb and then for just a short time, a day or so. The highest we were able to detect in just the drinking water was 280 parts per billion. You would not see much chemical changes or organ changes in any animal at these concentrations.
A. A. STEVENS (U. S. EPA, Cincinnati): You made the point that no epidemiological study is very neat.
I've just gone over that data with a carbon tetrachloride spill from our station in Louisville, and although we didn't have as high a level, there was a coincidental chloroform spill at the same time, of near the same magnitude and I didn't believe it either until I went over the data. But, it goes to further illustrate the point that, in that instance, assuming the carbon tetrachloride was high, not only was carbon tetrachloride high, but there was also a coincidental spill.
C. SONICH: From the available monitoring data we looked at trihalomethanes and other pollutants in the drinking water, and we saw relatively low levels at the time of the spill, so I'd be interested in looking at your data.
UNKNOWN: This was found in the Huntington intake, too, so I don't know where the spill took place, but there was chloroform found in the raw water at that location-not nearly at the same concentration as the carbon tetrachloride, but then we may not have sampled at the right time.
J. F. BORZELLECA: I would like to comment on the method of administering the trihalomethanes, using gavage versus drinking water. Gavage is used for a number of reasons. One, so that we can carefully note the dose that the animal is given. You're giving him a specific amount based on body weight or surface area and it's very carefully measured and administered. Secondly, this method is used because of physical and chemical problems with materialcan't get it into solution, at the concentrations required for the test. We recognize that there are differences in the kinetics of giving it all at one time versus sustained exposure when it's in drinking SESSION SUMMARIES AND DISCUSSION water or feed. At least in our data, we don't find differences in the metabolism of the transformation. The same metabolites are formed but at somewhat different rates. Certainly, the peak blood levels are different and absorption would be faster. Most of these metabolites are absorbed quickly from the gut, so it does depend on concentration when it's administered by gavage and when it's a more sustained effect.
Some years ago, we did a study using one of the food colors, either putting it in drinking water or giving it by bolus administration. We saw effects only when administered in a bolus form and not when administered by the other two routes. There are differences using that kind of administration. The other question, also from the same individual, had to do with the effects we saw in the testes on DNA and when the material was administered intratesticularly, intraperitoneally, or by mouth why did we not see an effect when given by mouth or why did it take so long? Fortunately for us, in both males and females, the testes or sperm is protected by a blood-testes barrier. Some materials do get through the barrier under certain conditions. The work of Dixon and Lee in North Carolina, among others demonstrates this and some of our work as well. You bypass the barrier when you administer the material intratesticularly. When it's given by mouth or intraperitoneally, you may see an effect, as we did. It took a long time, primarily because of blood flow and just inability for much of the material to get through the testes barrier. So, in fact, we are protected. When we look at the presence of materials in the serving, for example, just about anything you take by mouth would be present in the extracellular fluid late, but in very small levels. When you do distribution studies, as we did with kepone, for example, you find very little crossing the testes barrier. But if you give the materials intratesticularly, you will find a rather marked effect on sperm development and on DNA. It's then simply a matter of a protective barrier.
I'd like to note that in the Hazelton study on chloroform utilizing gavage with 250 mg/kg/day, they did not get the increase in longevity and controls we got feeding in the drinking water, so there truly are differences in the area. Concerning this business of getting chloroform in solution in the drinking water, it just takes an awful lot of mixing. It will go, but it takes a long time.
In Britain, when they used the corn oil material and tested it against an aqueous vehicle for chloroform in mice, they got substantial differences in the tumorogenicity in the kidney. So, there was a big increase when corn oil was used.
Corn oil is not without problems itself. We have found that in both the immune work that one is familiar with and the behavioral studies, the corn oil-as pure as it appears to be-is not without effect on some of the systems.
Maltoni has done some testing with corn oil versus water with vinyl chloride. The corn oil administration produces as a great difference as when you give it by inhalation. J. A. COTRUVO: Once we were looking into polynuclear aromatic hydrocarbon human exposure and trying to do source contribution studies. Even in the case of benzopyrene, we were finding on the order of about 50 ,ug/day benzopyrene in the diet and other PAHs, in addition. A substantial amount was from vegetable oil intake. I don's know how much corn oil might contribute, but that might be another confounding factor in animal studies if residual PAH levels are high in the vehicles.
UNKNOWN: What strain of mouse are you using? I think Dave showed some data that showed increased fat in the liver of the B6C3F1 mouse, and I gathered from Al's presentation that there was really nothing to be seen in your mice. I wonder if that's the strain difference.
J. F. BORZELLECA: We are using CD1-Charles River.
Two there some specific conclusions that one can draw on the various items such as chlorine dioxide or ozone and that could add to either the guidance or the regulations, and should we then busy ourselves with other things besides just disinfectants and their by-products. I find myself on the matter of chlorine dioxide in about the same situation that I was when I got here. There have been a number of studies, generally with negative results, but certainly the studies themselves haven't explored all the possibilities that have to be explored before one can make a decision that could result in very widespread exposure to the population to a new agent at high levels. I would say that the studies reported here are some of the best I have seen to date. I lean very much towards studies that examine clinical effects in humans. When they can be either shown or not shown, the level of credibility on the decision is exceptionally good, and those were kinds of studies that were done, and I think that they were very successful in the areas in which they looked.
The remaining question is, are there some other areas in which they should also look, such as with young children or other parts of the population that might be susceptible to oxidant stresses. I'm somewhat reassured from the data that were presented that there do not appear to be overt toxic effects, at least among healthy individuals that were tested with those disinfectants and their degradation products. Where that leads me is to say that we should probably continue to be cautious and still strive to minimize the unnecessary introduction of any chemical entity into drinking water, and if there is a need for that substance, such as disinfectants, take pains to eliminate as many of the side effects as possible: for example, reducing dosages as much as possible, minimizing by-products as much as possible, eliminating reactants in the water that will result in increased dosages as much as possible. It seems to me to be the common sense approach.
When one is trying to deal with a problem that has such a broad spectrum of receptors-the millions of people, and broad ranges of physical states or health-just from the mathematics of it, I think that we have to assume that there's a reasonable probability that some portion of that population is going to be somewhat more susceptible to whatever the end result would be than the average person in the population. At this point in the chlorine dioxide area, I could say we are somewhat satisfied with the data that are being presented but there are still other kinds of extensions of that work that will be done before a more definitive statement can be made.
On But I think cheap is the operative word. If chlorine had been $10 a pound, back in the 1900s, how they would have tackled this problem, if they wouldn't have tried a more elaborate scheme. I think the common sense approach costs money, and we're having trouble convincing the utilities to spend that money just because the likes of you and we think that it is prudent.
I thought that was one of the things that was admirable in the presentations of Zoeteman and Kool, because their approach in The Netherlands has been to look at the situation with the best handle they had and to do everything in their power to reduce whatever hazards they were able to identify. A great amount of technical work has been done and there is certainly the possibility of performing much more. The question we have to ask is which of that work should be done and where should the emphasis be placed in the future to give us the best payoff in being able to arrive at decisions that have to be made on the questions of water quality and risks associated with drinking water contamination? One of the things emphasized in this conference was the matter of trying to unite some of the different disciplines in the investigations that could emphasize the benefits of each of the disciplines, such as studies of the type done at Bethesda, Ohio, even though it was a small one. It was one where the population was studied in its natural habitat by careful clinical studies and investigations; numbers were collected on those people in an attempt to try to find any endpoints that result from that exposure.
So, given the limited data-which are in one sense limited but in another sense substantial by comparison and have pretty much been developed in the last five years-we are at the point of concluding that there may be risks from exposure to substances in drinking water and that there are ways of dealing with those substances and at least attempting to reduce those risks. So, now that 241 we've lived through the THM era-and I think we all understand now that THM is only part of the question-we need to find out if there are ways to get through this very complex question. We must steer the research in the direction to answer specific questions. We need to decide what the question is so that we'll know it when we get to the answer. For example: which substances, which toxicological endpoints, which surrogate tests and what is their validity in representing actual human experience? So, we must ask the questions very specifically at the front end and design the research that will resolve them in the future.
I commend all of the speakers and all of the participants. I think it's been an excellent workshop and it's been a good opportunity for all of us to get together and communicate more than we ever have in the past on this subject, at least to a broader extent. All I can say is keep going; there is much to do. We need that information to make the regulatory decisions that could be very significant in terms of the health of the country.
